ABSTRACT The susceptibility of the stink bug species Nezara viridula (L.), Nezara antennata Scott, Piezodorus hybneri (Gmelin), and Riptortus pedestris (F.) to insecticides was tested, establishing their 50% lethal dose (LD 50 ) values as baseline data. Third instars and adults of the four species were treated by topical application with seven insecticides: fenitrothion, fenthion, etofenprox, silaßuofen, dinotefuran, clothianidin, and ethiprole. The weight of the stink bug and weight of the insecticide applied to each bug were used as explanatory variables in the probit regression analysis. The effect of the body weight on the doseÐresponse relationship, the proportional model, was not uniform among the tested insecticideÐstink bug combinations. However, the basic model Þt all combinations and could estimate LD 50 values successfully. Therefore, LD 50 values at the medium (average) weight estimated by the basic model were selected to describe the susceptibility of the stink bugs. The LD 50 value of silaßuofen for N. viridula adults, and that of silaßuofen and etofenprox for N. antennata adults, was at least 2,338 ng greater than the other species exposed to each insecticide. Almost all of the LD 50 values for adults were over 10 times greater than those of the same speciesÕ nymphs treated with the same insecticide. Thus monitoring of occurring species and their developmental stages is important for controlling effectively the stink bug pest complex by insecticides, especially by silaßuofen or etofenprox. The estimated LD 50 values can be used as baseline data to compare the susceptibility of the species collected in another year or location.
Soybean, Glycine max (L.) Merrill, is one of the most important crops in Japan as in other countries in the world. A major yield reducing factor for soybean production is insect pests in southern Japan. A stink bug complex is a key pest in the area, together with Spodoptera litura (F.) (Lepidoptera: Noctuidae) (Yamanaka et al. 1990 , Higuchi 1991 . Farmers usually spray insecticides twice in a growing season to control the stink bug complex. Although several tolerant cultivars had been found and measured (Endo et al. 2002 , Wada et al. 2006 , the insecticide spray remains the only practical method to reduce damage by the stink bug complex in the Þeld.
In northern Kyushu, the stink bug pest complex had been composed of Nezara antennata Scott (Heteroptera: Pentatomidae), Piezodorus hybneri (Gmelin) (Pentatomidae), Riptortus pedestris (F.) (Heteroptera: Alydidae), and some other minor species (Kono 1989 , Yamanaka et al. 1990 . Recently, the southern green stink bug Nezara viridula (L.) (Heteroptera: Pentatomidae) was added to the complex owing to northward range expansion of the species (Kiritani 2007 , Yukawa et al. 2007 . N. viridula had been distributed only in the coastal areas of southwestern Japan (Hasegawa 1954) , and it was known mainly as a rice pest (Kiritani et al. 1966 ) rather than a soybean pest (Todd 1989 , Panizzi 1997 . After the expansion, N. viridula became one of the major species composing the soybean stink bug complex (Nakamura et al. 2009 ). N. viridula was known as a low susceptibility species to a major synthetic pyrethroid, silaßuofen, compared with the rice pest, Leptocorisa chinensis Dallas (Heteroptera: Alydidae) (Shimomoto 1999 , Sugimura et al. 2007 ). This raised concern over the choice of insecticidales spray for the complex. A number of insecticides, including silaßuofen, were used to control the soybean stink bug complex in Japan. Organophosphates have been used for decades, synthetic pyrethroids have been used for roughly two decades, and the use of neonicotinoid and phenylpyrazole began within the past decade. However, the toxicity of these insecticides has not been compared between the species currently composing the soybean stink bug complex.
The 50% lethal dose (LD 50 ) or concentration (LC 50 ) of an insecticide for an insect is a common value to describe susceptibility. The Þrst report of LD 50 values is positioned as baseline data to detect the difference between the insects collected in the different times or locations. There are the baseline data for several insecticides on N. viridula (McPherson et al. 1979 , Willrich et al. 2003 , Snodgrass et al. 2005 . The baseline reports assumed that the stink bug response to an insecticide is in direct proportion to their body weight or that the weight range of the tested stink bugs was narrow. However, increased tolerance with increased weight cannot be assumed to be a general pattern among all insects (Savin et al. 1982) . In addition, adjustments for the weight range of tested stink bugs are usually complicated because the weight of stink bugs is affected easily by the rearing density and food (Kiritani and Kimura 1965, Panizzi and Meneguim 1989) . Therefore, in this study, the individual weight of the stink bug, along with the weight of insecticide applied to each stink bug, was used as an explanatory variable in the probit regression analysis. The hypothesis of proportionality (Robertson and Preisler 1992) , which states that the stink bugs respond to insecticides in direct proportion to their body weight, was tested to show the effect on the doseÐ response relationship of the body weight in each insecticideÐstink bug combination. Then LD 50 values as baseline data were estimated, and they were compared among the species in each insecticide treatment to elucidate the differences.
Materials and Methods
Insects. Four species of stink bugs, N. viridula, N. antennata, P. hybneri, and R. pedestris, were prepared for the susceptibility test. At least 300 individuals from populations of N. viridula and N. antennata were collected during the growing seasons in 2009 Ð2010 and 2010, respectively, from maize Þelds in the city of Kikuchi (32.57Њ N, 130.50Њ E) or Koshi (32.88Њ N, 130 .74Њ E), Kumamoto, Japan. Populations of P. hybneri and R. pedestris were established from Ϸ100 individuals collected from soybean Þelds in Koshi in 2003, and were maintained as laboratory strains until 2010. None of the species was subjected to insecticides before these experiments. Populations of the four species of stink bugs were maintained in the rearing room (25 Ϯ 2ЊC) for one to three generations. They were reared with soybean seeds, groundnut (Arachis hypogaea L.) seeds, and soybean seedlings (var. Fukuyutaka) . The daylength of the rearing room was 14 h for N. antennata adults to accelerate ovipositioning (Noda 1983) , and was 16 h for the other speciesÕ adults and the nymphs of all species. Third instars, 2Ð3 d after molting; and adult females, 7Ð14 d after emergence, were used for the susceptibility test.
Insecticide Application. The susceptibility of stink bug populations to insecticides was tested by the topical application method by using the following seven insecticides: fenitrothion (organophosphate), fenthion (organophosphate), etofenprox (synthetic pyrethroid), silaßuofen (synthetic pyrethroid), clothianidin (neonicotinoid), dinotefuran (neonicotinoid), and ethiprole (phenylpyrazole). These are the active ingredients of major and registered insecticides used in Japan in 2010. These compounds were purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan). They were produced as standard insecticides for residue analysis, and their content ratios were Ն98.0% or Ն99.0%. The insecticides were serial diluted with acetone.
The susceptibility tests were conducted for 56 combinations of insecticideÐstink bug, which consisted of four species, two developmental stages, and seven insecticides. Before the treatment, an individual adult was put in a plastic petri dish (9 cm in diameter, 1.5 cm in height) and weighed. A batch of three to 10 nymphs (usually Þve nymphs) was put in the petri dish and weighed. The adult and the batch of nymphs were anesthetized with carbon dioxide. A 0.16-l droplet of insecticide solution was applied topically on the center of the sternite (surface of abdomen or thorax where they connect) with a hand-operated microapplicator (Burkard Manufacturing Company Ltd., Rickmansworth, United Kingdom). Tests were carried out at four or Þve concentrations of a series of twofold dilutions. However, if a treatment exceeding a 1% concentration was necessary, the dose was adjusted by the applied volume instead of the concentration. The choice of concentrations was based on preliminary range-Þnding tests. Acetone was used as the control. The treatments in each insecticideÐstink bug combination were replicated on 2Ð 6 different days depending on insect availability. All treatments were conducted from April 2010 to February 2011. In the treatment of fenitrothion and fenthion for N. antennata, male adults were used instead of females, because a sufÞcient number of female adults could not be prepared. After treatment with an insecticide, the insects were reared on soybean seeds and a moistened Þlter paper in the petri dish. They were kept at a daylength of 16 h and a temperature of 25 Ϯ 2ЊC. The insects were observed every day for 1Ð 4 d after treatment and the status determined individually. If the stink bugs were incapacitated and no movement was observed, they were recorded as ÔmotionlessÕ. If the bugs were incapacitated and unable to right themselves after being turned over on their backs, they were recorded as ÔknockdownÕ. The other status of the bugs recorded was ÔliveÕ.
Statistical Analyses. Statistical analyses were conducted with the computer program, POLO Encore (LeOra Software 2003a), with the option of body weight as a variable. Individual adult weights, or the average nymph weight, in each batch were used as an explanatory variable along with the weight of insecticide applied to each stink bug. The weights were used as variables after being transformed into logarithms. The stink bugs recorded as motionless and knockdown were considered responsive to the insecticide treatment. The binary response data at 2 d after the treatment were used as an objective variable.
As a Þrst step, the data were Þtted to a probit model, which is a version of the basic model ,
where Y is the probit response, D is the dose, and W is body weight. The estimated c, ␤ 0 , ␤ 1, and ␤ 2 are coefÞcients of the natural mortality response, intercept, log(D/W) and logW, respectively. To measure the goodness-of-Þt of each regression model, a likelihood ratio test of the hypothesis that all coefÞcients in the regression equaled zero was performed at a 5% signiÞcance level. To test the proportional hypothesis that the stink bugs respond to insecticides in direct proportion to their body weight (Robertson and Preisler 1992) , a likelihood ratio test of the hypothesis that ␤ 2 equaled zero was performed at a 5% signiÞcance level.
When the proportional hypothesis was rejected, the data were Þtted to the basic model (Savin et al. 1982) with natural response,
where y is the probit response, D is the dose and W is body weight. The estimated c, ␦ 0 , ␦ 1 and ␦ 2 , are coefÞcients of the natural response, intercept, logD and logW, respectively. When the proportional hypothesis could not be rejected, the data were Þtted to both the basic model and the proportional model (Savin et al. 1982) with natural response,
After Þtting the models to the data, LD 50 values and 95% conÞdence levels (CL) at selected weights were calculated for each model. The selected weights were the medium weight (average weight of all tested stink bugs in each species) and the optionally chosen low and high body weights within the weight range of each species.
To detect any differences in susceptibility between the species to each insecticide, LD 50 values at the medium (average) weight estimated by the basic model were selected and compared. The ratio test Preisler 1992, LeOra Software 2003b) was performed to detect any differences in LD 50 values between the least susceptible species to each insecticide and the other species treated with same insecticide at a 5% signiÞcance level. The lethal dose ratio and 95% CL were calculated using the values of intercept, slope, variance and covariance as estimated by the basic model.
To establish any differences between the LD 50 values calculated at 2 d after the treatment and the LD 50 values at the other observation day in each insecticideÐstink bug combination, the ratio test was performed at a 5% signiÞcance level. When the data at 2 d after the treatment did not Þt the probit model or the estimated natural response was high (Ͼ20%), then the LD 50 value 1 d after the treatment was compared with the LD 50 values from the other days.
Results

Weights of Tested Stink Bugs.
The distribution of each speciesÕ weight was mono-modal and ranged widely (Fig. 1) . The average weight Ϯ standard deviation (SD) of N. viridula, N. antennata, P. hybneri and R. pedestris females was 177.3 Ϯ 47.4, 171.5 Ϯ 43.2, 71.6 Ϯ 18.6 and 67.1 Ϯ 11.5 mg per individual adult, respectively ( Fig. 1) , and 6.5, 6.9, 1.7 and 6.5 mg per nymph, respectively. The average weight ϮSD of N. antennata males was 133.6 Ϯ 24.9 mg.
Goodness of Fit to the Estimated Model and Test of the Proportionality. The binary response data with two explanatory variables Þtted successfully to the probit model (Table 1 ). The goodness-of-Þt statistics indicated that all estimated regressions were signiÞ-cant at a 5% level ( 2 ϭ 17.0 Ð123.2, df ϭ 3 or 4, P ϭ 0.002 to Ͻ0.001). According to the overall percent correct statistic, which ranged from 64 to 90, all estimated regressions were good predictors of observed results.
The hypothesis of proportional response could be rejected at a 5% level for certain insecticideÐstink bug combinations (Table 1 ). The hypothesis of proportionality was rejected in Þve combinations of insecticideÐstink bug adults (likelihood ratio test; 2 ϭ 5.39 Ð 8.70, df ϭ 1, P ϭ 0.003Ð 0.020) and 11 combinations of insecticideÐstink bug nymphs (likelihood ratio test; 2 ϭ 4.04 Ð22.67, df ϭ 1, P ϭ Ͻ0.001Ð 0.045) ( Table 1) . The hypothesis was also rejected by the t-ratio (the absolute values of t-ratios were Ͼ1.96) at a 5% level in the 16 combinations. There was no speciÞc insecticide or stink bug species in which the hypothesis was always rejected. The value of h, weight factor, calculated using the formula h ϭ 1-(␤ 2 / A, Adult; N, Nymph; NT, number of insects treated with insecticide; NC, number of controls; OPC, Overall percent correct ϭ the total number correctly predicted /the total number of observations ϫ 100; h ϭ 1-(␤ 2 /␤ 1 ) (Bliss 1936) .
The insecticides tests were fenitrothion, fenthion, etofenprox, silaßuofen, dinotefuran, clothianidin, and ethiprole, and the stink bug species were N. viridula, N. antennata, P. hybneri, and R. pedestris. a c, Natural mortality response. When the observed mortality was 0%, the coefÞcient did not account for the model. b H: ␤ 0 ϭ ␤ 1 ϭ ␤ 2 ϭ 0; df ϭ 3 or 4; the critical value is 2 ϭ 7.815 or 9.488 for an LR test of H at a 5% signiÞcance level. c H: ␤ 2 ϭ 0, df ϭ ϱ the critical values is t ϭ 1.96 at a 5% signiÞcance level . d H: ␤ 2 ϭ 0, df ϭ 1 the critical values is 2 ϭ 3.841 for an LR test of H at a 5% signiÞcance level. Asterisk indicates the hypothesis was rejected. e Instead of female data, male data were used for the estimation. f The values were estimated by the data from 1 d after the treatment, because the data at 2 d after did not Þt the probit model or the estimated natural response was high (Ͼ20%).
␤ 1 ) (Bliss 1936 ) ranged from Ϫ0.49 to 4.52 (Table 1) . The relationship between weight and tolerance was not uniform.
LD 50 Values at Selected Body Weights. LD 50 values (ng) of four species at selected body weights (the medium, low and high weight) for the seven insecticides are presented in Table 2 (adults) and Table 3 (nymphs). LD 50 values of N. viridula at selected body weights were also plotted to line graphs (Fig. 2) (graphs of the other species are not shown). There were several insecticideÐstink bug combinations for which the LD 50 values at the selected weights estimated by the basic model were similar to those of the proportional model, e.g., fenthion on N. viridula adults ( Fig. 2; Table 2 ). However, the differences in LD 50 values between the two models were usually large at the low and high weights ( Fig. 2; Table 2 ). The line plots of LD 50 values crossed near the medium weight in all the combinations ( Fig. 2; Table 2 ). The 95% CL range at the medium weight was more narrow than it was at the low and high weights in 17 of the 28 insecticideÐstink bug adult combinations and in 23 of the 28 insecticideÐstink bug nymph combinations (Tables 2  and 3) .
LD 50 values of adults at the medium weight estimated by the basic model were signiÞcantly different between the least susceptible species and the other species in the all insecticideÐstink bug combinations (the ratio test, the 95% CL not included 1.0, P Ͻ 0.05) except clothianidin treatment of N. antennata (the ratio test, the 95% CL included 1.0, P Ͼ 0.05). However, a large difference in LD 50 values was found only in the etofenprox and silaßuofen treatments ( Table 2 ). The maximum difference in the LD 50 values and the lethal dose ratio between the species in the silaßuofen treatment was 4,760.1 ng and 21.3 times, respectively, and 3,318.1 ng and 20.8 times, respectively, in the etofenprox treatment (Tables 2). In contrast, LD 50 values of all speciesÕ nymphs were similar with a range of 0.07Ð34.5 ng (Table 3 ). The maximum difference in LD 50 values among species for the seven insecticide treatments was 32.6 ng. The lethal dose ratios of adults to nymphs in each species treated with the same insecticide ranged from 5.2 to 6.8 in the clothianidin, dinotefuran and ethiprole treatments for R. pedestris. These values were higher than 10 in the other combinations. The LD 50 values of nymphs were signiÞcantly smaller than those of adults in all the insecticideÐstink bug combinations (the ratio test, P Ͻ 0.05).
Difference Between LD 50 Values 2 d After the Treatment and a Later Day.
A signiÞcant difference between the LD 50 value 2 d after the treatment and 1 d or a later day was detected in 12 of the 56 combinations (the ratio test, P Ͻ 0.05) (Fig. 3) . Between one and 2 d after the treatment, LD 50 values decreased 460.0 ng and 143.6 ng for the fenitrothion and fenthion treatments in N. antennata adults, respectively, and 148.8 ng and 2.8 ng for the ethiprole treatment in N. antennata and R. pedestris adults, respectively. Additionally, the value increased 0.41 ng and 0.08 ng for the clothianidin treatment in N. viridula and N. antennata nymphs, respectively. Between two and 4 d after the treatment, the LD 50 values decreased 61.7 ng and 1.6 ng for the silaßuofen and clothianidin treatments in R. pedestris adults, respectively, and 19.0 ng for the ethiprole treatment in N. antennata adults. In addition, LD 50 values increased 11.39 ng for the silaßuofen treatment and 0.17 ng for the dinotefuran treatment in N. antennata nymphs between the second and fourth d after treatment (Fig. 3) .
The coefÞcients of the natural mortality response increased consistently from 1 to 4 d after the treatment. The coefÞcients were Ͻ20% until the second d in 55 of the 56 combinations, and the coefÞcient for etofenprox in P. hybneri nymphs was 20.2% at the second d (Table 1) .
Discussion
The binary response data for N. viridula, N. antennata, P. hybneri, and R. pedestris with the insecticide dose and the stink bug weight as explanatory variables were successfully Þtted to the probit model (Tables 1). The model was able to estimate LD 50 values (ng) in all the combinations of insecticideÐstink bug (Tables 2 and 3). The susceptibility of the stink bug species was tested by various methods previously and reported using several kinds of units. This included LD 50 (g/insect) (McPherson et al. 1979 , Kim et al. 1988 , LC 50 (g insecticide per vial) (Willrich et al. 2003 , Snodgrass et al. 2005 ) and LC 50 (ppm) (Bae et al. 2008 ). These reports were based on the assumption that the weight range of tested stink bugs was narrow or without any consideration for the weight of the stink bugs. In this study the tested stink bugs had a wide weight range (Fig. 1) . The heaviest stink bug was over twice the weight of the lightest stink bug. When the explanatory variable of weight was excluded from the regression, LD 50 values could not be obtained in six insecticideÐstink bug combinations because the data did not Þt to the probit model (data not shown). Therefore, the use of the individual stink bugs weight as a variable may be a reasonable approach to achieve a good Þt to the probit model and to obtain all LD 50 values.
The proportional hypothesis was rejected by the likelihood ratio test in 16 of the 56 insecticideÐstink bug combinations (Table 1) . Even if the proportional hypothesis could not be rejected, the value of h, weight factor of Bliss (1936) , ranged from Ϫ0.49 Ð3.07 (Table 1) . Furthermore, the line plots of the LD 50 values estimated by the proportional model and the basic model crossed, thus causing an over-or underestimation at the selected low or high body weight in the several combinations ( Fig. 2; Tables 2, 3 ). This is called a cross-over effect and was detected in the western spruce budworm, Choristoneura occidentalis Freeman (Lepidoptera: Tortricidae) (Savin et al. 1982) . Thus any uniform assumption about the effect on the doseÐresponse relationship of the weight, e.g., the proportionality hypothesis, may not be suitable for the estimation of LD 50 values in the insecticideÐstink bug combinations. The insecticides tests were fenitrothion, fenthion, etofenprox, silaßuofen, dinotefuran, clothianidin and ethiprole, and the stink bug species were N. viridula, N. antennata, P. hybneri, and R. pedestris. a B, Basic model; P, Proportional model. b The medium weights were the average weight of all tested stink bugs in each species and the low and high weights were optionally chosen weights within the weight range of each species.
c The medium weight (average weight) of N. viridula, N. antennata, P. hybneri, and R. pedestris was 177.3, 171.5, 71.6, and 67.1 mg, respectively, the low weight was 70, 90, 40, and 50 mg, respectively, and the high weight was 270, 250, 120, and 90 mg, respectively.
d Response ratio ϭ LD 50 at the selected high weight/LD 50 at the selected low weight. e LD 50 value was not calculated when the proportional hypothesis was rejected by the likelihood ratio test in Table 1 . f Instead of female data, male data were used for the estimation. The selected low, medium and high body weights for adult males were 90 mg, 133.6 mg, and 180 mg, respectively.
g The LD 50 value was estimated by the data from 1 d after the treatment, because the data at 2 d after did not Þt the probit model or the estimated natural response was high (Ͼ20%). B 5.3 (3.7Ð7.4) 7.4 (6.2Ð8.4) 8.5 (6.8Ð10.1) 1.6 P 4.5 (3.8Ð5.2) 7.4 (6.2Ð8.4) 9.1 (7.6Ð10.4) 2.0 Fenthion B 5.9 (3.8Ð8.6) 9.6 (7.5Ð11.7) 11.8 (9.1Ð14.6) 2.0 P 5.9 (4.6Ð7.2) 9.6 (7.5Ð11. The insecticides tests were fenitrothion, fenthion, etofenprox, silaßuofen, dinotefuran, clothianidin, and ethiprole, and the stink bug species were N. viridula, N. antennata, P. hybneri, and R. pedestris. a B, Basic model; P, Proportional model. b The medium weights were the average weight of all tested stink bugs in each species and the low and high weights were optionally chosen weights within the weight range of each species.
c The medium weight (average weight) of N. viridula, N. antennata, P. hybneri, and R. pedestris was 6.5, 6 .9, 1.7, and 6.5 mg, respectively, the low weight was 4.0, 4.0, 1.0, and 4.0 mg, respectively, and the high weight was 8.0, 8.0, 3.0, and 8.0 mg, respectively.
d Response ratio ϭ LD 50 at the selected high weight/LD 50 at the selected low weight. e LD 50 value was not calculated when the proportional hypothesis was rejected by the likelihood ratio test in Table 1 . f The LD 50 value was estimated by the data from 1 d after the treatment, because the data at 2 d after did not Þt the probit model or the estimated natural response was high (Ͼ20%).
The basic model could estimate LD 50 values in all the combinations (Tables 2, 3 ). The 95% CL range of LD 50 values at the medium weight (average weight) estimated by the basic model was narrower than the 95% CL range at the low and high weight in 40 of the 56 insecticideÐstink bug combinations (Tables 2 and  3 ). The tested stink bugs of approximately the medium weight were abundant compared with the heavier or lighter weight (Fig. 1) . Therefore, it may be appropriate to select the LD 50 (ng) value at the medium weight of each species estimated by the basic model to describe the susceptibility.
LD 50 values changed depending on the time (in days) after the treatment (Fig. 3) . In this study the susceptibility to insecticides was measured by the LD 50 value at 2 d after the treatment. The duration the stink bugs were observed after the treatment varied in previous studies, at 4 h (Willrich et al. 2003 ), 1 d (McPherson et al. 1979 , Kim et al. 1988 , Shimomoto 1999 , Snodgrass et al. 2005 , 1Ð3 d (Rea et al. 2003 , Tillman 2006 , Sugimura et al. 2007 , Bae et al. 2008 ) and 1Ð7 d (Vandekerkhove and De Clercq 2004) . The susceptibility was usually evaluated in the Þnal observation. In this study the changes of LD 50 values showed various trends, decreasing, increasing and stable, during the observed duration from 1 to 4 d (Fig.  3) . When the LD 50 value increased signiÞcantly from the Þrst to second d, recovery from initial knockdown was observed. This was consistent with the report that N. viridula recovered after the initial knockdown by clothianidin treatment (Sugimura et al. 2007) . After the second d the values stabilized, though slight changes were detected in six insecticideÐstink bug combinations (Fig. 3) . The coefÞcients of natural mortality response of all stink bugs gradually increased from 1 to 4 d after the treatment. However, the coefÞcients did not exceed 20.2% until the second d. The coefÞcients increased after the third d, and the data became inadequate for the estimation of LD 50 in several combinations (Fig. 3) . This indicates that 2 d after the treatment was an adequate time to evaluate the susceptibility of the stink bugs.
The low susceptibility of N. viridula for silaßuofen was known previously using the dipping test or the bell-jar dusting chamber test in Kochi and Miyazaki, Japan (Shimomoto 1999 , Sugimura et al. 2007 . Our Þndings by the topical application test were consistent with these reports. The topical application method mainly clariÞes the active ingredient effect but it does not address the residual efÞcacy or the repellent effect. However, the LD 50 value derived by this method made it possible to compare the quantitative differences among the species. The LD 50 values for silaßu-ofen on N. viridula and N. antennata adults, and for etofenprox on N. antennata adults, were 4,886.8, 2,696.7 and 3,485.1 ng, respectively (Table 2) . These values were at least 2,338 ng or 15.3 times greater than the LD 50 values for other species. In the other insecticides, LD 50 values were also signiÞcantly different between the least susceptible species and the other species; however, the differences between LD 50 values were small (Յ249.7 ng) compared with those between the two synthetic pyrethroids. In addition, LD 50 values of nymphs were very small, Ͻ34.5 ng in all the insecticide treatments, and the values were Ͼ10 times smaller than those of adults in almost all of the insecticideÐstink bug combinations (Tables 2 and 3 ). These Þndings indicate that monitoring occurring species and their developmental stages in soybean Þelds is important for controlling effectively the stink bug pest complex by insecticides, especially by silaßuofen or etofenprox.
All insecticides belonging to the synthetic pyrethroid group are not as low in efÞcacy on N. viridula as silaßuofen, because several highly toxic synthetic pyrethroids are known, e.g., lambda-cyhalothrin (McPherson et al. 1979 , Rea et al. 2003 , Willrich et al. 2003 , Snodgrass et al. 2005 . Thus the susceptibility may not be estimated only by the insecticide group.
Baseline data were needed to detect changes in susceptibility to insecticides that occurs in stink bug populations over time and at different locations (Snodgrass et al. 2005) . The LD 50 value of R. pedestris adults and third instar nymphs for fenitrothion was 178.9 and 12.0 ng/insect, respectively, in Korea (Kim et al. 1988) , and 74.6 and 7.4 ng, respectively, in this study. The susceptibility of R. pedestris to fenitrothion may be similar between the tested populations depending on the weight of the species in Korea. In contrast, the LC 50 values (ppm) of etofenprox were smaller than those of fenitrothion on N. antennata, R. pedestris and P. hybneri adults in Korea in 2006 (Bae et al. 2008) , although the LD 50 values of etofenprox were larger than those of fenitrothion in the adults in this study (Table 2 ). This suggests that the susceptibility of the three species to etofenprox might be different between the tested populations collected in Korea and Kumamoto, Japan.
N. viridula and N. antennata were not the least susceptible species for the tested insecticides compared with P. hybneri and R. pedestris (Table 2 ). The northward range expansion of N. viridula continues (Yukawa et al. 2007) , and the composition of the stink bug complex in the Þeld may be changing in various locations. That might inßuence the control effect for the soybean stink bug complex. Continuously surveying the species composing the stink bug complex in soybean Þelds in each area and monitoring insecticide efÞcacy against these species is necessary to control stink bugs effectively and to achieve integrated pest management in Japan. Fig. 3 . Changes in the LD 50 and 95% conÞdence level (CL) at the medium weight of each stink bug adult or nymph as estimated by the basic model from 1 to 4 d after the treatment. The numbers below the X-axis are days after the treatment. Blank plots are undetermined values owing to inadequate data for the probit model. The value estimated with high natural mortality response (Ͼ20%) is marked by an arrow (2). An asterisk indicates that the LD 50 value is signiÞcantly different than the LD 50 value at 2 d after the treatment by the ratio test at a 5% level.
